In this article, the effect of plasmonics properties of metal nanorods and nanoparticles on solar cell performance were investigated and simulated. Due to the classic solar cell disadvantages, it seems that a plasmonic solar cell is one of these methods. In plasmonic solar cells, because of plasmonic effect, a high electric field builds around metal nanoparticles so that high conversion efficiency is available. In this study, it is shown that the near-field electromagnetic wave severely affects the generation rate, which handles the carrier's generation in the solar cell equations. By manipulating the plasmonic properties of nanoparticles or nanorods in solar cells structure, distribution of the electromagnetic fields are altered. In this work, optical power and generation rate related to the poynting vector is calculated. So, for improving the generation rate as an important parameter in solar cells, the alteration of nanoparticles or nanorods material, shape, inter-distance between them and medium material, are done. Finally, the comparison between classical solar cell and our improved structure is performed.
I. INTRODUCTION
Photovoltaic (PV), which contains the direct conversion of sunlight into electric energy, is one component of an evolving energy mix. Several attractive features of this technology include pollution-free operation, relatively low costs and modularity. In future, energy solar cells may well occupy an increasingly prominent role in global electricity generation in order to limit environmental pollution and to slow down the rate of greenhouse gas concentration's rise [1] [2] [3] [4] [5] . As a simple model, a semiconductor solar cell is based on a simple p-n junction. A qualitative description of cell performance can be given in terms of a simple model based on the Shockley diode equation in the dark and under illumination. This model is sufficient for understanding the basic carrier transport mechanisms in the cell, and roughly for predicting the performance parameters of a solar cell. It has been reported that most of the traditional solar cells are based on silicon because of its stability, non-toxicity, welldeveloped technology and more abundance in nature. However, a major limitation if thinfilm solar cells are the poor absorption of light, as compared to wafer-based solar cells [6] [7] [8] [9] [10] . It is well established that light-trapping by increasing its optical path length inside the absorbing film, for obtaining high efficiency, is crucial for thin-film solar cells. In light of the above restriction, a new method using plasmonic structures can improve the absorption of light, due to excitation of localized surface plasmon. Noble metals such as silver (Ag), gold (Au), aluminum (Al) and copper (Cu), support surface plasmon due to their free electron like behavior. Surface Downloaded plasmon is the collective oscillations of excited free electrons of metallic particles. This unique property of metallic nanoparticles (NPs) can be used to enhance the optical absorption of solar cells through scattering of light and near-field concentration of light [11] [12] [13] [14] [15] [16] [17] . The contribution of these mechanisms depends on the particle material, shape, size and refractive index of the surrounding dielectric. Hence, the optical power and generation rate related to the poynting vector is calculated. So, in this work, for improving the generation rate as an important parameter in solar cells the alteration of nanoparticles or Nanorods materials, shapes, inter-distance between them and medium material, were done. Finally, the comparison between traditional solar cell and our improved structure was performed. At last, it should be noted that all of the simulation in this work was done by COMSOL 4.4 and MATLAB.
II. BACKGROUND AND THEORY
A few equations describe the behavior of charge carriers in semiconductors under the influence of an electromagnetic field; all of which cause deviations from thermal equilibrium conditions. These equations are called the basic equations for semiconductor device. In the following one direction formula, the Poisson equation relates the static electric field to the space-charge density [2] [3] [4] :
where φ, ε 0 , and ε s are the electrostatic potential, the permittivity of free space and the static relative permittivity of the medium, respectively. Based on our study, the electron current density (J e ) and the hole current density (J h ) are given by:
where p, μ e , μ e , D e , and D h are electron and hole densities, the electron and hole motilities, and the electron and hole diffusion constants, respectively. It is notable that the first terms on the right hand side of Eqs. 2.2 and 2.3 are diffusion currents driven by a concentration gradient, and the second terms are drift currents driven by the electric field. Indeed, the latter case will be manipulated by nanoparticles' (NPs) or nanorods' (NRs) plasmonic radiation. It means that by the use of NPs/NRs, electromagnetic distribution in the different sections of p-n junction will be altered, so the drift currents driven by the electric field will be changed. Also, by changing the NPs' materials, shape, geometry and inter-distance between them, the electric field distribution will be easily manipulated. In the following formula, divergence of the current density, J, is contributed to recombination and generation rates of charge carriers by the continuity equation. Electron and hole continuity equations may be written as:
In these equations r(x) and G(x) are the position-dependent volume recombination and photo-generation rates, respectively. Finally, by substituting Eqs 2 and 3 into the continuity equations, Eqs 4 and 5, a couple set of transport equations are driven as:
Electron and hole transport equations, Eqs 6 and 7, are coupled by the electric field E. The coupled set of differential equations, Eqs 1, 6 and 7, can be solved with different degrees of accuracy. It is important to note that for improving the solar cells' specification, in this work, we used NPs plasmonic properties, which influence the original electric field in near-field state. In other words, the original field in the solar cell structure will be perturbed by NPs plasmonic in near-field. For extra and effective manipulation, arrays of NPs or NRs was used. It is known that because of the interaction between NPs plasmonics, non-uniform electromagnetic fields are arisen in solar cell's different areas, which contributes to optical power and optical generation rate. Actually, optical generation rate as an important parameter in the solar cell system, contributes to the time averaged Poynting vector, which is given by [6] :
where, η opt , S ave , ћ and optical quantum yield, time averaged Poynting vector, Planck constant and incidence frequency, respectively. The time averaged Poynting vector has been considered as the radiant flux around any NPs and calculated by E×H*.The optical generation rate in Eq. 8 can be substituted in Eqs. 4 and 5 and electron and hole continuity equations can be re-written by this alteration. Indeed, by manipulating optical generation rate in Eq. 8, the solar cell's key parameters such as photon current will be changed. The improved solar cell photon current can be illustrated as [18, 19] :
In this equation, I phs , k i , T c , T r are solar cell current under standard condition, temperature coefficient of short circuit current, solar cell operating temperature and reference temperature, respectively. Moreover, G and G ref contribute to the intensity of irradiance in solar cell and reference intensity, about 10 3 Watts/m 2 , respectively. As a result of that G include the incidence irradiance (G incidence ) as well as intensity generated by the NPs nearfield plasmonic field (G plasmonic ). This case shows that the plasmonic field severely enhances the solar cell outputs such as photocurrent and G is comparable and may be larger than the classical version [1] [2] 13] . It should be noted that after calculating solar cell photon current, the solar cell open circuit voltage and short circuit current can be obtained, which are given by: 
where A, K, and q are the diode ideality factor, Boltzmann's constant and electron charge, respectively. Moreover, I 0 relates to the current dependency on temperature and short circuit current [15] . In these equations, R s and R sh are the solar cell series and shunt resistors, respectively. Therefore, with the knowledge about this point, which the NPs plasmonic field intensity has effectively influenced the photon current and solar cell output voltage and current; we can design a solar cell based on NPs or NRs for engineering the solar cell photon current. 
III. SIMULATIONS RESULTS AND DISCUSSION
In this section, the simulation results in the case of 2-D simple structure solar cell are illustrated. Based on equations 8-13, which emphasize the plasmonic effect of optical power and optical generation rate on solar cell photon current and its influence on output current and voltage; we compared three different structures, which are schematically shown in Fig. 1 . Actually, the original aim is to manipulate the photon current based on optical power and optical generation rate engineering. In fact, by manipulating the NPs' or NRs' optical properties, we will try to alter optical power or generation rate in solar cell. Fig 1a shows the traditional simple p-n structure without any NPs or NRs. But in Figs. 1b and 1c , for improvement, we use arrays of nanostructures (NPs or NRs), which severely manipulates the electromagnetic field and generation rate in different regions. In the following, by manipulating NPs' or NRs' geometry such as size, shape, material and inter-distance, the electromagnetic field and generation rate will be changed. We tried to select the better and optimum structure to have a maximum generation rate in solar cell structure. Initially, light propagation in different regions of traditional structure is illustrated in Figs. 2a and b. In all simulations, the incidence light is propagated in the y-direction with a x-direction polarization. In traditional structure without any NPs and NRs, initially, light propagates in the air and then enters a dense area such as silicon. So, because of the different optical properties of air and Si, the interaction between light and materials will be changed. Based on materials' optical properties, the light propagation changes. These figures show that the light amplitude dramatically decreases when light entered the solar cell's area. With this, optical generation rate will severely decrease. It can be considered as an important factor for the low efficiency of traditional solar cell. Hence, for solving the problem, the plasmonic-based solar cells are proposed. In this one, the plasmonic NPs are used to manipulate the light interaction with matter in the solar cells regions. In other words, the near-field plasmonic resonance of NPs influences light propagation in solar cell. So, the optical generation rate is engineered. In the following, based on Fig. 2c , arrays of Au NPs are used beyond Si+ regions and then by irradiation of light on structure in the ydirection and with a x-direction polarization, the key parameters such as electric and magnetic field distribution and their gradients are altered, which are shown in Figs. 2c and  2d . Figure 2c shows that the NPs plasmonic affects light propagation in solar cell's different regions. For better illustration you can see the alteration of electric field profile as 1-D in Fig. 2c . It means that with plasmonic state and nonuniform electromagnetic field production, generation rate dramatically changes. It is because of the influence of Au NPs near-field effect on external applied field. In another simulation, arrays of NRs were used in the intrinsic region. It is shown that using NRs in the intrinsic area dramatically affects electromagnetic distribution profile and so optical power and generation rates are changed. This is contributed to the NRs plasmonic effect in the intrinsic area; because NRs create near-field influence on original field and disturbs it. It is better to compare the NPs and NRs effect on electrical field profile in the different area of solar cells, which are shown in Figs. 2d and 2f . It is because in the following, we can easily manipulate the key parameters and select the optimum structures. For this, NPs and NRs parameters such as their size, inter-distance and materials effects are perused in Figs. 3 and 4 , respectively. It should be noted that with increasing the NPs' radius, the inter-distance between NPs is decreased, so we can easily see the plasmonicplasmonic interaction between the two adjacent NPs. It is a good case for manipulating near-filed effect and influence the external field. Moreover, the effect of NPs material on their plasmonic resonance was discussed. In this case, we used Ag rather than Au. It is shown that because of distance of Ag plasmonic resonance from incidence wavelength 510 nm, in this work, the present format of NPs doesn't show any strong plasmonic resonance in this wavelength, which is shown in Fig. 3d .
Moreover, we examined the core/shell NPs such as SiO 2 /Au for extra engineering of the near-field effect. It is because in this case we easily manipulated the plasmonic interaction between inner-and outer interface of Au shell.
In other word, by controlling the Au shell thickness, the plasmonic interaction is changed. But, for core/shell NPs only the wavelength effect was perused, which are shown in Figs. 3e and 3f. In the incidence wavelength around 517 nm, Fig. 3e , innerinterface plasmonic effect is dominant and this case is not useful for solar cell application. It means that this incidence wavelength couldn't excite Au shell properly. It is because introducing resonance in the core region causes heat generation in NPs and leads to their deformation. But, in the case of 833 nm, the core/shell NPs reveal a good plasmonic effect and severely influence external field. It is due to this fact that Au shell shows plasmonic resonance around 750-850 nm. In another try, we perused the NRs parameters' effect on electrical profile variation. Fig. 4: [(a) NRs inter-distance 40 nm; (b) NRs inter-distance 80 nm, (c) NRs material Ag, (d) wavelength effect 833 nm.] It is easily seen that with altering NRs inter-distance, which are shown in Figs. 4a and b , the interaction between NRs adjacent are severely altered and affect field profile in solar cell region. Moreover, the effect of NRs materials and incidence wavelength are investigated and their simulation results are illustrated in Figs. 4c and d, respectively. Finally, our investigations are associated to the optical power and its related optical generation rate. For this, the effect of NPs and NRs' size, materials and inter-distance are studied. Their related simulation results are shown in Figs. 5 and 6.
The influence of NRs plasmonic resonances on light propagation is shown in
It is shown that the NRs effect on optical power and optical generation rate is higher than NPs. These figures show that the carrier generation in the solar cell equations (7 and 8) is handled by NRs and NPs plasmonic resonance. It is our article's original aim and the improved structure for better manipulation can be considered in Fig. 6b [1, 13] . It is better to mention that we can use the NPs in the intrinsic area and maybe its effect is better than NRs in this region.
IV. CONCLUSIONS
In this study, it was shown that the NPs generating near-field electromagnetic wave severely affects optical power and generation rate, which handles the carrier's generation in the solar cell equations. In other words, by manipulating plasmonic properties of NPs or NRs in solar cells structure, distribution of electromagnetic fields is altered. The simulation results showed that for improving the generation rate, as an important parameter in solar cells, the alteration of NPs' or NRs' materials, shapes, inter-distance and medium material, are necessary.
